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ABSTRACT 
Web services are the means to realize the Service Oriented Architecture 
(SOA) paradigm. One of the key tasks of the Web services is discovery also known 
as matchmaking. This is the act of locating suitable Web services to fulfill a specific 
goal and adding semantic descriptions to the Web services is the key to enabling an 
automated, intelligent discovery process. Current Semantic Web service discovery 
approaches are primarily classified into logic-based, non-logic-based and hybrid 
categories. An important challenge yet to be addressed by the current approaches is 
the use of the available constructs in Web service descriptions to achieve a better 
performance in matchmaking. Performance is defined in terms of precision and recall 
as well-known metrics in the information retrieval field. Moreover, when 
matchmaking a large number of Web services, maintaining a reasonable execution 
time becomes a crucial challenge. In this research, to address these challenges, a 
matching engine is proposed. The engine comprises a new logic-based and non-
logic-based matchmaker to improve the performance of Semantic Web service 
discovery. The proposed logic-based and non-logic-based matchmakers are also 
combined as a hybrid matchmaker for further improvement of performance. In 
addition, a pre-matching filter is used in the matching engine to enhance the 
execution time of matchmaking. The components of the matching engine were 
developed as prototypes and evaluated by benchmarking the results against data from 
the standard repository of Web services. The comparative evaluations in terms of 
performance and execution time highlighted the superiority of the proposed matching 
engine over the existing and prominent matchmakers. The proposed matching engine 
has been proven to enhance both the performance and execution time of the Semantic 
Web service discovery. 
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ABSTRAK 
Perkhidmatan Web merupakan cara untuk merealisasikan paradigma Seni 
Bina Berorientasikan Perkhidmatan (SOA). Salah satu tugas utama perkhidmatan 
Web ialah penemuan yang juga dikenali sebagai penjodohan. Ini merupakan tindakan 
mencari perkhidmatan Web yang sesuai untuk memenuhi matlamat yang khusus dan 
menambah penerangan semantik kepada perkhidmatan Web sebagai kunci untuk 
membolehkan pengautomasian proses penemuan pintar. Penemuan pendekatan 
perkhidmatan Web semantik semasa, khasnya, diklasifikasikan kepada berasaskan-
logik, bukan-berasaskan-logik dan hibrid. Satu cabaran utama yang masih harus 
ditangani oleh pendekatan semasa ialah penggunaan konstruksi sedia ada dalam 
penerangan perkhidmatan Web untuk mencapai prestasi yang lebih baik dalam 
penjodohan. Prestasi ditakrifkan dari segi ketepatan dan ingatan kembali sebagai 
metrik terkenal dalam bidang pencapaian maklumat. Selain itu, untuk mengekalkan 
masa perlaksanaan yang munasabah bagi penjodohan yang melibatkan banyak 
perkhidmatan Web merupakan satu cabaran yang penting. Dalam kajian ini untuk 
menangani cabaran ini enjin yang sepadan telah dicadangkan. Enjin ini terdiri 
daripada pencari jodoh berasaskan-logik baharu dan bukan-berasaskan-logik untuk 
mempertingkatkan prestasi penemuan perkhidmatan Web semantik. Pencari jodoh 
berasaskan-logik dan bukan-berasaskan-logik yang dicadangkan juga digabungkan 
sebagai pencari jodoh hibrid untuk penambahbaikan prestasi. Di samping itu, 
penyaring prapemadanan digunakan dalam enjin yang sepadan untuk 
mempertingkatkan masa pelaksanaan penjodohan. Prototaip komponen enjin yang 
sepadan dibangunkan dan dinilai dengan membandingkan keputusan dengan data 
daripada penyimpanan standard perkhidmatan Web. Hasil penilaian perbandingan 
dari segi prestasi dan masa pelaksanaan mempaparkan keunggulan pemadanan enjin 
yang dicadangkan berbanding dengan pencari jodoh sedia ada dan menonjol. Enjin 
yang sepadan yang dicadangkan telah terbukti dapat mempertingkatkan kedua-dua 
prestasi dan masa pelaksanaan penemuan perkhidmatan Web semantik. 
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CHAPTER 1 
1 INTRODUCTION 
This chapter introduces the mainstream of this research work. Overview and 
background information of this research attempt are described. Later, research 
problems and objectives are detailed. Following that, scope and significant of the 
study are discussed. Finally, thesis organization is presented. 
1.1 Overview 
The Service Oriented Architecture (SOA) is a distributed computing 
paradigm that allows interaction between software components regardless of their 
platform, implementation, and location [1]. The building blocks of SOA are services 
which are pieces of functionality as software components exposed to be reused by 
other parties. Service providers offer these components by publishing them in some 
service registry or repository. Service consumers which may be either human users 
or software agents, request for a capability without any prior knowledge about 
existing services and their locations. Thus, for a consumer to use services, 
appropriate ones should be discovered. 
One of the prominent technologies to realize the SOA paradigm is Web 
services. A Web service is a public interface of an application which can be invoked 
remotely to perform a business function or a set of functions. In addition, it is a self-
contained, modular unit of application logic that provides business functionality to 
other applications over the Web using standard protocols. Web services have become 
the primary technology to enable distributed computing infrastructure for 
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interoperability across different platforms [2]. Web services might undergo many 
processes during their life cycles such as discovery (locating different services 
suitable for a given task), selection (choosing the most appropriate services among 
the available ones), composition (combining services to achieve a goal), mediation 
(resolving heterogeneities in services interaction), execution (invoking services 
following programmatic conventions), and monitoring (controlling the execution 
process). In particular, Web service discovery which is often called matchmaking is 
the act of locating Web services that fully or partially fulfill a given objective. 
Service descriptions may be found by a requester during the development of a system 
as static, or during execution of a system as dynamic.  
Semantic Web technologies aim to make data on the Web machine-
processable. The key to enable this is through using ontologies as the sources of 
precisely defined concepts to annotate Web resources. Accordingly, Semantic Web 
services attempt to automate various usage tasks by enriching Web services with 
machine readable information. Semantic Web service discovery allows the 
construction of requests using concepts defined in a specific ontological domain [3]. 
During the process of matchmaking, the description of formalized goals of service 
requesters and semantic annotations of formalized Web services need to be compared 
in order to recognize common elements in these descriptions. By having both the 
advertised description and the requested query explicitly declare their semantics, the 
results of discovery are more accurate and relevant than conventional non-semantic 
Web service discovery. 
Numerous approaches to Semantic Web service discovery have been 
proposed which are primarily categorized as Logic-based and Non-logic-based, and a 
more recent combination of Hybrid [4]. In general, Logic-based approaches use the 
explicit semantics that are described by the domain ontologies, whereas Non-logic-
based approaches exploit implicit semantics of the services. Hybrid approaches 
combine both of these techniques to achieve more precise results.  
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1.2 Statement of the Problem 
An overview of grand challenges in SOA and their implications are given in 
[5]. Some of these challenges are still remain open. They primarily include 
increasing the dynamics of SOA-related systems. In particular, dynamic 
reconfiguration of services (i.e., configuring the service infrastructure automatically 
at run-time) and service discovery should be enhanced to fully exploit the potential 
benefits of the SOA paradigm. Thus, discovery of services in a manner that increases 
the dynamics of SOAs is observed as an important challenge and the work at hand 
aims to address this challenge. Enhancing the process of service discovery requires 
making this process more accurate in an automated manner. Semantic description of 
services has been identified as a promising path towards this enhancement. However, 
the immediate problem for the discovery of Web services is not the lack of semantic 
descriptions, but there is a lack of approaches to take advantage of this description 
[5], [6]. 
One of the main challenges of Web service discovery is improving the 
performance by avoiding false results which can be either false positives (i.e., 
irrelevant Web services in the answer set) or false negatives (i.e., relevant Web 
services that are not included in the answer set). Current Semantic Web service 
discovery approaches of Logic-based, Non-logic-based and Hybrid categories 
employ different strategies to avoid the mentioned false results. However, there are 
still false results in the answer set of state-of-the-art approaches to Semantic Web 
service discovery [7], [8], [9]. False positive and false negative results are 
respectively used to calculate the precision and recall measures of a Web service 
discovery approach. The performance of matchmakers is calculated in terms of 
precision and recall. For any information retrieval (IR)-based approach including 
Web service discovery system, precision is a notion of correctness, whereas recall is 
a notion of completeness of the approach [10].   
The number of available Web services has increased rapidly along with their 
growing popularity. In addition, the number of advertised Web services is expected 
to explode in the future [11]. The process of matching a request against the 
advertised Web services is very time consuming if there are a large number of Web 
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services. However, existing approaches to Semantic Web service discovery focus 
more on improving and optimizing the performance of matchmaking process through 
reducing false results and disregard the mentioned challenge [12], [7], [13]. The 
problem with the current approaches is that they match a requested service with all of 
the published Web services in a repository. Thus, a huge repository drastically 
affects the execution time of the matchmaking process [14]. The query response time 
(QRT) of Web service discovery is used to measure the execution time and is defined 
as the elapsed time of a matchmaker to process a single request [8]. 
The general research question this research tries to answer is: 
How to enhance matchmaking in order to improve the performance of 
Semantic Web service discovery? 
In order to be able to answer this question, a set of research questions that 
address the problem in detail are defined, as follows: 
1. What are the existing approaches and frameworks to Semantic Web 
service discovery? 
2. How can the performance of Semantic Web service discovery be 
improved? 
3. How can the query response time (QRT) of Semantic Web service 
discovery be improved? 
4. How to implement and evaluate the improved Semantic Web service 
discovery in the Semantic Web service framework? 
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1.3 Objectives of the Study 
The main objective of this research is contributing to the enhancement of the 
state-of-the-art approaches to Semantic Web service discovery. Based on the 
discussed problem statement, this research aims at the following detailed objectives: 
1. To investigate the current Semantic Web service discovery approaches 
and frameworks for selecting the scope of study. 
2. To improve the performance of Semantic Web service discovery. 
3. To improve the query response time (QRT) of Semantic Web service 
discovery. 
4. To implement and evaluate the improved Semantic Web service 
discovery in the selected Semantic Web service framework. 
1.4 Scope of the Study 
This research focuses on the semantic approaches to Web service discovery. 
The shaded boxes of Figure 1.1 outline the boundaries of this study. 
From the components distribution perspective, software applications are 
categorized to 1-Tier (Centralized), 2-Tier (Client/Server), 3-Tier 
(Presentation/Business/Data), and N-Tier. In N-Tier architecture, “N” implies any 
number to show the distinct tiers used in the application. Breaking up an architecture 
into tiers provides a model for developers to create a flexible and reusable 
application. The SOA paradigm is an instance of N-tier architecture. This paradigm 
may be implemented using different technologies. Among these, Web service 
technology is considered as the most prominent instance to realize SOAs. It provides 
a way to integrate different applications by facilitating the interoperability between 
them. 
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Figure  1.1 Scope of Research 
One of the important usage tasks of Web services is their discovery as it is a 
compulsory prerequisite to every process concerning them. Web service discovery is 
categorized primarily to syntactic and semantic from the matchmaking perspective. 
Basically, the former is a simple keyword-based matching that is limited by the 
ambiguities of natural languages, whereas the latter relies on semantic descriptions to 
precisely match requests and Web services. Semantic Web service discovery aims to 
overcome the inadequacies of syntactic discovery and automate the process of 
matchmaking.  
The approaches to Semantic Web service discovery are classified as Logic-
based, Non-logic-based and Hybrid. While Logic-based approaches rely on logical 
reasoning, Non-logic-based approaches employ such techniques as graph matching, 
linguistics, data mining, or IR to perform matching between a pair of service 
descriptions. Hybrid approaches combine techniques from both of the 
aforementioned categories. This research aims to contribute to the improvement of 
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the selected approaches from all of these categories. Thus, investigating the 
prominent techniques used in each category is in the scope of this study.  
The performance of the proposed approaches would be evaluated in terms of 
precision and recall measures from IR field. It is because the Web service discovery 
is a kind of IR application [15]. Particularly, macro-averaged precision and recall 
metrics are applied to measure the performance of the proposed matchmaking 
algorithms and to compare them with other prominent approaches. 
The number of available Web Services is growing rapidly because most 
enterprises are deploying their services on the Web [16]. It is expected that in the 
future, a huge number of services will be able to be consumed in the Web. As a 
higher number of services become available, there is a need for solutions that 
improve the execution time of Web service discovery [17]. The execution time of the 
proposed Semantic Web service discovery approaches would be evaluated in terms 
of QRT. Particularly, average QRT (AQRT) is used to measure the time spent by an 
approach on matching a set of requests [8]. 
1.5 Significance of the Study 
With the aid of Web services, it should be possible for different applications 
to integrate and exchange information dynamically. Considering the fact that not all 
Web services follow a standardized format, the lack of semantics is a burden to make 
applications integrated automatically. Using semantics for describing the capabilities 
of Web services, transforms them to an unambiguous and machine-readable format 
thus enables their discovery, selection, composition and invocation, more intelligent. 
Each of these processes has attracted a vast number of recent research studies. 
Among those, Web service discovery is considered as the foremost and in contrast to 
others, an indispensable usage task. In particular, it affects service composition and 
invocation. Thus, it is considered as one of the main challenges in SOA research 
[18], [19]. 
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Different aspects of service descriptions might be considered for their 
matching. As innovative approaches are employed for both annotating and retrieving 
those aspects, the improvement of service matchmaking is a continuous process. For 
instance, the annual international Semantic Service Selection (S3) contest is an 
initiative formed at the fifth International Semantic Web Conference (ISWC 2006) in 
Athens, USA which aims at encouraging the rapid and innovative development of 
tools for Semantic Web service matchmaking. In addition, this contest provides 
means for comparative evaluation of matchmakers for different service formalisms 
[8]. 
Nowadays, because most of the organizations are attempting to implement 
their Business-to-Business (B2B) and Business-to-Customer (B2C) transactions in 
the form of Web services, the number of available Web services has increased 
dramatically [16]. Due to this phenomenon, finding an appropriate Web service 
which is in agreement with the user’s desire is a challenge that emphasizes the need 
for effective and efficient Web service discovery approaches [20], [21]. 
The process of Web Service discovery should return those services that fully 
or partially match with the requirement of a user. A weak discovery approach often 
omits some of all desired services or incorporates some of the irrelevant services. A 
considerable amount of research has targeted improving this process. However, there 
still is a lack of efficiency in Web service discovery. To realize the vision of 
automated service computing, particularly for composition and invocation of 
services, it is necessary to discover services which provide the requested capabilities 
in a very precise way [22].  
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1.6 Organization of Thesis 
The remaining parts of this thesis are organized according to the following 
chapters: 
Chapter 2 provides background information about the concepts involved in 
the scope of this study as well as the common aspects of Web service discovery 
architectures. In addition, the important frameworks for Semantic Web service are 
studied and compared. A taxonomy is provided to classify Web service discovery 
systems from various perspectives. This chapter also focuses on the literature of 
Semantic Web service discovery and categorizes the existing approaches. In 
addition, a set of characteristics is presented to classify the approaches to Semantic 
Web service discovery in more detail. Finally, some of the problems of the current 
Semantic Web service discovery approaches that affect their performance and QRT 
are recognized and explained. 
Chapter 3 presents the methodology of this research. It includes the utilized 
research design and procedure as well as the research instrumentation. Furthermore, 
the data set and the metrics used for evaluation of the proposed approaches are 
described. Finally, research assumptions and limitations are enumerated. 
Chapter 4 proposes a framework for Semantic Web service discovery. Central 
to this framework is a matching engine that integrates different approaches to realize 
an enhanced matchmaking. The components of this framework along with their 
interactions are then described. In addition, a Logic-based and a Non-logic-based 
matchmaker are proposed. For each matchmaker, various considered filters are 
explained. Feasibility of two statistics-based methods is then studied to weight and 
combine the results of Non-logic-based filters automatically. Independent from the 
matchmakers, a Pre-matching filter is proposed to speed up the process of discovery.  
Chapter 5 presents an evaluation of the proposed approaches to Semantic 
Web service discovery. It first evaluates both the Logic-based and the Non-logic-
based matchmakers, separately. This includes measuring the performance of 
10 
    
individual filters of each of these matchmakers with respect to the considered data 
set. The experimental results of these evaluations are then thoroughly analyzed and a 
Hybrid matchmaker is proposed to overcome the shortcomings of the individual 
matching approaches. This Hybrid matchmaker is also compared with prominent 
matchmakers. Finally, the effect of applying Pre-matching filter on the response time 
of the proposed Hybrid matchmaker is evaluated. 
Chapter 6 reports findings and contributions and draws conclusions of this 
thesis. In addition, it outlines suggestions for future works.  
 
  
REFERENCES 
1. Singh, M.P. and M.N. Huhns, Service-Oriented Computing: Semantics, 
Processes, Agents. 2005: John Wiley & Sons. 
2. Lamparter, S. and B. Schnizler, Trading services in ontology-driven markets, 
in Symposium on Applied Computing (SAC '06). 2006, ACM: Dijon, France. 
p. 1679-1683. 
3. Discovery, in Implementing Semantic Web Services, D. Fensel, M. Kerrigan, 
and M. Zaremba, Editors. 2008, Springer-Verlag Berlin Heidelberg. p. 167-
192. 
4. Klusch, M., Semantic Web Service Coordination, in CASCOM: Intelligent 
Service Coordination in the Semantic Web, M. Schumacher, H. Helin, and H. 
Schuldt, Editors. 2008, Birkhäuser Verlag. p. 59-104. 
5. Papazoglou, M.P., et al., Service-Oriented Computing: A Research Roadmap. 
International Journal of Cooperative Information Systems, 2008. 17(02): p. 
223-255. 
6. Lara, R., et al. Semantic Web Services: description requirements and current 
technologies. in International Workshop on Electronic Commerce, Agents, 
and Semantic Web Services in conjunction with the Fifth International 
Conference on Electronic Commerce (ICEC '03). 2003. Pittsburgh, PA. 
7. Klusch, M. and P. Kapahnke, iSeM: Approximated Reasoning for Adaptive 
Hybrid Selection of Semantic Services, in The Semantic Web: Research and 
Applications, L. Aroyo, et al., Editors. 2010, Springer Berlin / Heidelberg. p. 
30-44. 
8. Klusch, M., The S3 Contest: Performance Evaluation of semantic web 
services, in Semantic Web Services: Advancement through Evaluation, M.B. 
Blake, et al., Editors. 2012, Springer. 
191 
 
9. Wei, D., et al., SAWSDL-iMatcher: A customizable and effective Semantic 
Web Service matchmaker. Web Semantics: Science, Services and Agents on 
the World Wide Web, 2011. 9(4): p. 402-417. 
10. Martin, D., et al., Semantic Web Services, Part 2. IEEE Intelligent Systems, 
2007. 22(6): p. 8-15. 
11. Davies, J., et al., Towars the open service web. BT Technology Journal, 2009. 
26(2). 
12. Klusch, M., B. Fries, and K. Sycara, OWLS-MX: A hybrid Semantic Web 
service matchmaker for OWL-S services. Web Semantics: Science, Services 
and Agents on the World Wide Web, 2009. 7(2): p. 121-133. 
13. Plebani, P. and B. Pernici, URBE: Web Service Retrieval Based on Similarity 
Evaluation. IEEE Transactions on Knowledge and Data Engineering, 2009. 
21(11): p. 1629-1642. 
14. Khdour, T. and M. Fasli. A Semantic-Based Web Service Registry Filtering 
Mechanism. in 24th International Conference on Advanced Information 
Networking and Applications Workshops (WAINA '10). 2010. Perth, 
Australia: IEEE. 
15. Küster, U., H. Lausen, and B. König-Ries, Evaluation of Semantic Service 
Discovery—A Survey and Directions for Future Research, in Emerging Web 
Services Technology, Volume II, T. Gschwind and C. Pautasso, Editors. 2008, 
Birkhäuser Basel. p. 41-58. 
16. Lin, C.F., et al., A relaxable service selection algorithm for QoS-based web 
service composition. Information and Software Technology, 2011. 53(12): p. 
1370-1381. 
17. García, J.M., D. Ruiz, and A. Ruiz-Cortés, Improving Semantic Web Services 
Discovery Using SPARQL-Based Repository Filtering. Web Semantics: 
Science, Services and Agents on the World Wide Web, 2012. 17(2012). 
18. Papazoglou, M.P. and W.J.v.d. Heuvel, Service oriented architectures: 
approaches, technologies and research issues. The VLDB Journal, 2007. 
16(3): p. 389-415. 
19. Zhang, L.J., EIC Editorial: Introduction to the Knowledge Areas of Services 
Computing. IEEE Transactions on Services Computing, 2008. 1(2): p. 62-74. 
192 
 
20. Dong, X., et al., Similarity Search for Web Services, in Thirtieth international 
conference on Very Large Data Bases (VLDB '04). 2004, VLDB Endowment: 
Toronto, Canada. p. 372-383. 
21. Sapkota, B., et al. Distributed Web Service Discovery Architecture. in 
International Conference on Internet and Web Applications and 
Services/Advanced International Conference on Telecommunications (AICT-
ICIW '06). 2006. Guadeloupe, French Caribbean: IEEE Computer Society. 
22. Lara, R., M. Corella, and P. Castells, A flexible model for the location of 
services. International Journal of Electronic Commerce, Special Issue on 
Semantic Matchmaking and Resource Retrieval, 2007. 12(2): p. 11-40. 
23. Berners-Lee, T., R. Fielding, and L. Masinter, Uniform Resource Identifiers 
(URI): Generic Syntax, in IETF RFC 2396. 1998. 
24. Web Services Architecture Requirements. W3C Working Group Note  2004  
[cited 2009 November 25]; Available from: http://www.w3.org/TR/wsa-reqs/. 
25. Haas, H. and A. Brown. Web Services Glossary. W3C Working Group Note  
2004  [cited 2009 November 25]; Available from: http://www.w3.org/TR/ws-
gloss/. 
26. Gudgin, M., et al. SOAP Version 1.2 Part 1: Messaging Framework (Second 
Edition). W3C Recommendation  2007  [cited 2009 November 26]; Available 
from: http://www.w3.org/TR/soap12-part1/. 
27. Chinnici, R., et al. Web Services Description Language (WSDL) Version 2.0 
Part 1: Core Language. W3C Recommendation  2007  [cited 2009 
November 27]; Available from: http://www.w3.org/TR/wsdl20. 
28. Clement, L., et al. UDDI Version 3.0.2. UDDI Spec Technical Committee 
Draft  2004  [cited 2009 November 26]; Available from: 
http://uddi.org/pubs/uddi_v3.htm. 
29. Fensel, D., et al., Web Services, in Semantic Web Services. 2011, Springer 
Berlin Heidelberg. p. 37-65. 
30. Berners-Lee, T., J. Hendler, and O. Lassila. The Semantic Web. SCIENTIFIC 
AMERICAN  2001  [cited 2009 December 1]; Available from: 
http://www.scientificamerican.com/article.cfm?id=the-semantic-web. 
31. Manola, F. and E. Miller. RDF Primer. W3C Recommendation  2004  [cited 
2009 December 1]; Available from: http://www.w3.org/TR/2004/REC-rdf-
primer-20040210/. 
193 
 
32. Gruber, T.R., A translation approach to portable ontology specifications. 
Knowl. Acquis., 1993. 5(2): p. 199-220. 
33. Fensel, D., Ontologies: A Silver Bullet for Knowledge Management and 
Electronic Commerce. 2004: Springer-Verlag Berlin Heidelberg. 
34. McIlraith, S.A., S. Tran Cao, and Z. Honglei, Semantic Web services. 
Intelligent Systems, IEEE, 2001. 16(2): p. 46-53. 
35. Cardoso, J. and A. Sheth, The Semantic Web and Its Applications, in 
Semantic Web Services, Processes and Applications. 2006. p. 3-33. 
36. Fensel, D., et al., Web Services, in Enabling Semantic Web Services. 2007, 
Springer-Verlag Berlin Heidelberg. p. 37-54. 
37. Semantic Web Services, in Implementing Semantic Web Services, D. Fensel, 
M. Kerrigan, and M. Zaremba, Editors. 2008, Springer-Verlag Berlin 
Heidelberg. p. 27-41. 
38. Web Services Architecture. W3C Working Group Note  2004  [cited 2009 
December 9]; Available from: http://www.w3.org/TR/ws-arch/. 
39. Cardoso, J., Semantic Web Services: Theory, Tools, and Applications. 2007, 
Hershey, NY: Information Science Reference. 
40. Martin, D., et al. OWL-S: Semantic Markup for Web Services. W3C Member 
Submission  2004  [cited 2009 December 6]; Available from: 
http://www.w3.org/Submission/OWL-S/. 
41. Bruijn, J.d., et al. Web Service Modeling Ontology (WSMO). W3C Member 
Submission  2005; Available from: http://www.w3.org/Submission/WSMO/  
42. Akkiraju, R., et al. Web Service Semantics - WSDL-S. W3C Member 
Submission  2005  [cited 2009 December 6]; Available from: 
http://www.w3.org/Submission/WSDL-S/. 
43. Farrell, J. and H. Lausen. Semantic Annotations for WSDL and XML Schema. 
W3C Recommendation  2007  [cited 2010 March 3]; Available from: 
http://www.w3.org/TR/sawsdl/. 
44. Standard Upper Ontology Working Group (SUO WG) Home Page.  2003  
[cited 2010 March 12]; Available from: http://suo.ieee.org/. 
45. The Object Management Group: Meta-Object Facility (MOF™), version 1.4.  
2002  [cited 2010 March 12]; Available from: 
http://www.omg.org/technology/documents/formal/mof.htm. 
194 
 
46. Fensel, D. and C. Bussler, The web service modeling framework WSMF. 
Electronic Commerce Research and Applications, 2002. 1(2): p. 113-137. 
47. Bruijn, J.d., et al. Web Service Modeling Language (WSML). W3C Member 
Submission  2005; Available from: http://www.w3.org/Submission/WSML/. 
48. Bussler, C., et al. Web Service Execution Environment (WSMX). W3C 
Member Submission  2005  [cited 2010 March 12]; Available from: 
http://www.w3.org:80/Submission/WSMX/. 
49. Weibel, S., et al., Dublin Core Metadata for Resource Discovery, in IETF 
RFC 2413. 1998. 
50. Fensel, D., et al., The Web Service Modeling Language, in Semantic Web 
Services. 2011, Springer-Verlag Berlin Heidelberg. p. 131-162. 
51. Keller, U., et al., Semantic Web Service Discovery in the WSMO Framework, 
in Semantic Web Services: Theory, Tools, and Applications. 2007, 
Information Science Reference: Hershey, NY. 
52. Semantic Annotations for WSDL Working Group.   [cited 2010 March 3]; 
Available from: http://www.w3.org/2002/ws/sawsdl/. 
53. Iqbal, K., et al., Semantic Service Discovery using SAWSDL and SPARQL. 
2008. 
54. Steinmetz, N., et al. (2008) Simplifying the Web Service Discovery Process. 
1st Workshop on Semantic Metadata Management and Applications 
(SeMMA '08) at the 5th European Semantic Web Conference (ESWC '08) 
346. 
55. Fensel, D., et al., Related Work in the Area of Semantic Web Service 
Frameworks, in Enabling Semantic Web Services. 2007, Springer-Verlag 
Berlin Heidelberg. p. 101-110. 
56. Lara, R., et al., A Conceptual Comparison of WSMO and OWL-S, in Web 
Services. 2004. p. 254-269. 
57. Kashyap, V., C. Bussler, and M. Moran, Semantic Web Services, in The 
Semantic Web: Semantics for Data and Services on the Web. 2008, Springer. 
58. Paolucci, M., N. Srinivasan, and K. Sycara. Expressing WSMO Mediators in 
OWL-S. in ISWC 2004 Workshop on Semantic Web Services: Preparing to 
Meet the World of Business Applications. 2004. Hiroshima, Japan. 
195 
 
59. Balzer, S., T. Liebig, and M. Wagner. Pitfalls of OWL-S - A Practical 
Semantic Web Use Case. in 2nd International Conference on Service 
Oriented Computing (ICSOC '04). 2004. New York, USA: ACM. 
60. Garofalakis, J., et al., Web service discovery mechanisms: looking for a 
needle in a haystack?, in International Workshop on Web Engineering. 2004: 
Santa Cruz. 
61. Tsetsos, V., C. Anagnostopoulos, and S. Hadjiefthymiades, Semantic Web 
Service Discovery: Methods, Algorithms, and Tools, in Semantic Web 
Services: Theory, Tools, and Applications, J. Cardoso, Editor. 2007, 
Information Science Reference: Hershey, NY. p. 240-280. 
62. Fellbaum, C., WordNet: An electronic lexical database. 1998: MIT press 
Cambridge, MA. 
63. Liang, Q., et al., A Semi-Automatic Approach to Composite Web Services 
Discovery, Description and Invocation. International Journal of Web Services 
Research,, 2004. 1(4): p. 64-89. 
64. Li, Y., et al., PWSD: A Scalable Web Service Discovery Architecture Based 
on Peer-to-Peer Overlay Network, in Advanced Web Technologies and 
Applications, J.X. Yu, et al., Editors. 2004, Springer Berlin / Heidelberg. p. 
291-300. 
65. Zaremski, A.M. and J.M. Wing, Specification matching of software 
components. ACM Transactions on Software Engineering and Methodology 
(TOSEM), 1997. 6(4): p. 369. 
66. Paolucci, M., et al., Semantic Matching of Web Services Capabilities, in The 
Semantic Web — ISWC 2002, I. Horrocks and J. Hendler, Editors. 2002, 
Springer Berlin / Heidelberg. p. 333-347. 
67. Jaeger, M., et al., Ranked Matching for Service Descriptions Using OWL-S, 
in Kommunikation in Verteilten Systemen (KiVS), P. Müller, R. Gotzhein, and 
J.B. Schmitt, Editors. 2005, Springer. p. 91-102. 
68. Srinivasan, N., M. Paolucci, and K. Sycara. Semantic Web Service Discovery 
in the OWL-S IDE. in 39th Annual Hawaii International Conference on 
System Sciences (HICSS '06). 2006. Hawaii, USA: IEEE. 
69. Stollberg, M., et al., Two-Phase Web Service Discovery Based on Rich 
Functional Descriptions, in The Semantic Web: Research and Applications, 
196 
 
E. Franconi, M. Kifer, and W. May, Editors. 2007, Springer Berlin / 
Heidelberg. p. 99-113. 
70. Grimm, S., Discovery, in Semantic Web Services, R. Studer, S. Grimm, and 
A. Abecker, Editors. 2007, Springer Berlin Heidelberg. p. 211-244. 
71. Grimm, S., B. Motik, and C. Preist, Matching semantic service descriptions 
with local closed-world reasoning, in European Semantic Web Conference 
(ESWC). 2006, Springer. 
72. Grossman, D.A. and O. Frieder, Information retrieval: Algorithms and 
heuristics. 2004: Kluwer Academic Pub. 
73. Bernstein, A. and C. Kiefer. Imprecise RDQL: towards generic retrieval in 
ontologies using similarity joins. in 21st Annual ACM symposium on Applied 
computing. 2006. Dijon, France: ACM Press. 
74. Küster, U., et al. DIANE: An Integrated Approach to Automated Service 
Discovery, Matchmaking and Composition. in World Wide Web COnference 
WWW. 2007. Banff, Canada: ACM. 
75. Li, H., X. Du, and X. Tian, A WSMO-Based Semantic Web Services 
Discovery Framework in Heterogeneous Ontologies Environment, in 
Knowledge Science, Engineering and Management, Z. Zhang and J. 
Siekmann, Editors. 2007, Springer Berlin / Heidelberg. p. 617-622. 
76. Klusch, M. and F. Kaufer, WSMO-MX: A hybrid Semantic Web service 
matchmaker. Web Intelligence and Agent Systems, 2009. 7(1): p. 23-42. 
77. Klusch, M., P. Kapahnke, and I. Zinnikus. SAWSDL-MX2: A Machine-
learning Approach for Integrating Semantic Web Service Matchmaking 
Variants. in International Conference on Web Services (ICWS '09). 2009. Los 
Angeles, CA: IEEE. 
78. Sycara, K., et al., Larks: Dynamic Matchmaking Among Heterogeneous 
Software Agents in Cyberspace. Autonomous Agents and Multi-Agent 
Systems, 2002. 5(2): p. 173–203. 
79. Klusch, M., B. Fries, and K. Sycara. Automated Semantic Web Service 
Discovery with OWLS-MX. in fifth international joint conference on 
Autonomous Agents and Multiagent Systems (AAMAS '06). 2006. Hakodate, 
Japan: ACM. 
197 
 
80. Klusch, M. and P. Kapahnke, Adaptive Signature-Based Semantic Selection 
of Services with OWLS-MX3. Multiagent and Grid Systems, 2012. 8(1): p. 69-
82. 
81. Kiefer, C. and A. Bernstein, The Creation and Evaluation of iSPARQL 
Strategies for Matchmaking, in The Semantic Web: Research and 
Applications, S. Bechhofer, et al., Editors. 2008, Springer Berlin / 
Heidelberg. p. 463-477. 
82. Schulte, S., et al. LOG4SWS.KOM: Self-Adapting Semantic Web Service 
Discovery for SAWSDL. in 6th World Congress on Services (SERVICES-1). 
2010. 
83. Wang, T.D. Gauging Ontologies and Schemas by Numbers. in 4th 
International Workshop on Evaluation of Ontologies for the Web (EON '06) 
at the 15th International World Wide Web Conference (WWW '06). 2006. 
84. Klein, M. and A. Bernstein, Toward high-precision service retrieval. IEEE 
Internet Computing, 2004. 8(1): p. 30-36. 
85. Baeza-Yates, R. and B. Ribeiro-Neto, Modern Information Retrieval: the 
concepts and technology behind search. 2nd ed. 2011: Addison Wesley. 944. 
86. Stollberg, M., M. Hepp, and J. Hoffmann, A Caching Mechanism for 
Semantic Web Service Discovery, in The Semantic Web, K. Aberer, et al., 
Editors. 2007, Springer Berlin Heidelberg. p. 480-493. 
87. Le, D.N., A.E. SoongGoh, and T.H. Cao, A Survey of Web Service Discovery 
Systems. International Journal of Information Technology and Web 
Engineering, 2007. 2(2): p. 65-80. 
88. Ngan, L. and R. Kanagasabai, Semantic Web service discovery: state-of-the-
art and research challenges. Personal and Ubiquitous Computing, 2012: p. 1-
12. 
89. Dong, H., F.K. Hussain, and E. Chang, Semantic Web Service matchmakers: 
state of the art and challenges. CONCURRENCY AND COMPUTATION: 
PRACTICE AND EXPERIENCE, 2012. 
90. Kifer, M., et al. (2004) A Logical Framework for Web Service Discovery. 
ISWC '04 Workshop on Semantic Web Services: Preparing to Meet the 
World of Business Applications 119. 
198 
 
91. Kaufer, F. and M. Klusch, WSMO-MX: A Logic Programming Based Hybrid 
Service Matchmaker, in 4th European Conference on Web Services (ECOWS 
'06). 2006: Zurich, Switzerland. p. 161-170. 
92. Somasundaram, T.S., et al. Semantic Description and Discovery of Grid 
Services using WSDL-S and QoS based Matchmaking Algorithm. in 
International Conference on Advanced Computing and Communications 
(ADCOM '06). 2006. Surathkal, India. 
93. Yu, C., et al., Semantic Service Discovery Based on QoS Ontology. Journal of 
Next Generation Information Technology, 2011. 2(2): p. 89-96. 
94. Çelik, D. and A. Elçi, A broker-based semantic agent for discovering 
Semantic Web services through process similarity matching and equivalence 
considering quality of service. Science China Information Sciences, 2013. 
56(1): p. 1-24. 
95. Li, Z., et al., A Two-Stage Ranking Approach for Web Service Discovery. 
International Journal of Digital Content Technology and its Applications 
(JDCTA), 2013. 7(1): p. 652-661. 
96. Li, L. and I. Horrocks. A software framework for matchmaking based on 
semantic web technology. in 12th International World Wide Web Conference. 
2003. NY, USA: ACM. 
97. Tran, V.X., S. Puntheeranurak, and H. Tsuji. A New Service Matching 
Definition and Algorithm with SAWSDL. in Third IEEE International 
Conference on Digital Ecosystems and Technologies (DEST '09). 2009. 
Washington DC, USA: IEEE Computer Society. 
98. Schulte, S., et al., COV4SWS.KOM: Information Quality-Aware 
Matchmaking for Semantic Services, in The Semantic Web: Research and 
Applications, E. Simperl, et al., Editors. 2012, Springer Berlin Heidelberg. p. 
499-513. 
99. Grosswindhager, S., Using Penalized Logistic Regression Models for 
Predicting the Effects of Advertising Material, in Institute of Business 
Mathematics. 2009, Vienna University of Technology. 
100. Hosmer, D.W. and S. Lemeshow, Applied Logistic Regression. 2nd ed. 2000: 
John Wiley & Sons. 
101. Cramer, D., Advanced Quantitative Data Analysis. 2003: Open University 
Press. 254. 
199 
 
102. Liu, M., et al., An weighted ontology-based semantic similarity algorithm for 
web service. Expert Systems with Applications, 2009. 36(10): p. 12480-
12490. 
103. Fernández, A., A. Polleres, and S. Ossowski. Towards Fine-grained Service 
Matchmaking by Using Concept Similarity. in 1st International Joint 
Workshop SMR2 2007 on Service Matchmaking and Resource Retrieval in 
the Semantic Web at the 6th International Semantic Web Conference (ISWC 
'07). 2007. 
104. Bellur, U. and R. Kulkarni. Improved Matchmaking Algorithm for Semantic 
Web Services Based on Bipartite Graph Matching. in IEEE International 
Conference on Web Services (ICWS '07). 2007. Washington DC, USA. 
105. Guo, R., D. Chen, and J. Le. Matching Semantic Web Services across 
Heterogeneous Ontologies. in 5th International Conference on Computer and 
Information Technology (CIT '05). 2005. Washington DC, USA: IEEE 
Computer Society. 
106. Resnik, P., Semantic Similarity in a Taxonomy: An Information-Based 
Measure and its Application to Problems of Ambiguity in Natural Language. 
Journal of Artificial Intelligence Research, 1999(11): p. 95–130. 
107. Budanitsky, A. and G. Hirst, Evaluating WordNet-based Measures of Lexical 
Semantic Relatedness. Computational Linguistics, 2006. 32(1): p. 13-47. 
108. Tsatsaronis, G., I. Varlamis, and M. Vazirgiannis, Text Relatedness Based on 
a Word Thesaurus. Journal of Artificial Intelligence Research, 2010. 37: p. 1-
39. 
109. Batet, M., D. Sánchez, and A. Valls, Deliverable D3: State of the art of 
clustering algorithms and semantic similarity measures, in DAMASK (Data-
Mining Algorithms with Semantic Knowledge). 2010. 
110. Jiang, J.J. and D.W. Conrath. Semantic Similarity Based on Corpus Statistics 
and Lexical Taxonomy. in International Conference Research on 
Computational Linguistics (ROCLING X). 1997. Taiwan. 
111. Lin, D. An Information-Theoretic Definition of Similarity. in Fifteenth 
International Conference on Machine Learning (ICML '98). 1998. San 
Francisco, USA. 
112. Pirró, G. and J. Euzenat, A Feature and Information Theoretic Framework for 
Semantic Similarity and Relatedness, in The Semantic Web – ISWC 2010, P. 
200 
 
Patel-Schneider, et al., Editors. 2010, Springer Berlin / Heidelberg. p. 615-
630. 
113. Meditskos, G. and N. Bassiliades, Structural and Role-Oriented Web Service 
Discovery with Taxonomies in OWL-S. Knowledge and Data Engineering, 
IEEE Transactions on, 2010. 22(2): p. 278-290. 
114. Klusch, M. and P. Kapahnke, The iSeM matchmaker: A flexible approach for 
adaptive hybrid semantic service selection. Web Semantics: Science, 
Services and Agents on the World Wide Web, 2012. 15(0): p. 1-14. 
115. March, S.T. and G.F. Smith, Design and natural science research on 
information technology. Decision Support Systems, 1995. 15(4): p. 251–266. 
116. Hevner, A.R., et al., Design science in information systems research. MIS 
Quarterly, 2004. 28(1): p. 75-105. 
117. Klusch, M., et al., Semantic Web Service Matchmaker Evaluation 
Environment (SME2). 2010, Deutsches Forschungsinstitut für Künstliche 
Intelligenz DFKI GmbH: Saarbrücken. p. 19. 
118. Hull, D. Using statistical testing in the evaluation of retrieval experiments. in 
16th annual international ACM SIGIR conference on Research and 
development in information retrieval. 1993. 
119. Iman, R.L. and J.M. Davenport, Approximations of the critical region of the 
friedman statistic. Communications in Statistics, 1980. A9(571-xxx). 
120. English Relevance Judgements. Text REtrieval Conference (TREC)  2006  
[cited 2012 June 24]; Available from: 
http://trec.nist.gov/data/reljudge_eng.html. 
121. Khalid, M.A., P. Kapahnke, and B. Fries, OWLS-TC: OWL-S Service 
Retrieval Test Collection, DFKI, Editor. 2008: Saarbrücken, Germany. 
122. OWL - WSML Translator. OWL - WSML Translator v1.0  2007; Available 
from: http://tools.deri.org/wsml/owl2wsml-translator/v0.1/. 
123. Steinmetz, N., J.d. Bruijn, and A. Frankl, WSML/OWL Mapping, in WSML 
Working Draft, N. Steinmetz, Editor. 2008, STI Innsbruck. 
124. Scicluna, J., et al., Formal Mapping and Tool to OWL-S, in WSMO Working 
Draft, R. Lara and A. Polleres, Editors. 2004, DERI. 
125. Zaremba, M., M. Moran, and T. Vitvar, Instance-based Service Discovery 
with WSMO/WSML and WSMX, in Semantic Web Services Challenge: 
201 
 
Results from the First Year, C. Petrie, et al., Editors. 2009, Springer. p. 169-
183. 
126. Klusch, M. and K. Sycara, Brokering and Matchmaking for Coordination of 
Agent Societies: A Survey, in Coordination of Internet Agents, A. Omicini, et 
al., Editors. 2001, Springer-Verlag. p. 197-224. 
127. Friesen, A. and S. Grimm, D4.8 Discovery Specification, in WP4 Service 
Usage. 2005, DIP. 
128. Keller, U., et al., D5.1 v0.1: WSMO Web Service Discovery, in WSML 
Working Draft, U. Keller, R. Lara, and A. Polleres, Editors. 2004, DERI. 
129. Keller, U., et al., Automatic Location of Services, in The Semantic Web: 
Research and Applications, A. Gómez-Pérez and J. Euzenat, Editors. 2005, 
Springer Berlin / Heidelberg. p. 1-16. 
130. Borgida, A., On the Relative Expressiveness of Description Logics and 
Predicate Logics. Journal of Artificial Intelligence, 1996. 82(1-2): p. 353-
367. 
131. OWL Web Ontology Language Semantics and Abstract Syntax in W3C 
Recommendation, P.F. Patel-Schneider, P. Hayes, and I. Horrocks, Editors. 
2004. 
132. Kifer, M., G. Lausen, and J. Wu, Logical foundations of object-oriented and 
frame-based languages. J. ACM, 1995. 42(4): p. 741-843. 
133. Burkard, R., M. Dell'Amico, and S. Martello, Assignment Problems. 2009: 
Society for Industrial and Applied Mathematics. 
134. Kuhn, H.W., The Hungarian method for the assignment problem. Naval 
Research Logistics Quarterly, 1955. 2(1-2): p. 83-97. 
135. Bourgeois, F. and J.-C. Lassalle, An Extension of the Munkres Algorithm for 
the Assignment Problem to Rectangular Matrices. Communications of the 
ACM, 1971. 14(12): p. 802-804. 
136. Pirró, G., A Semantic Similarity Metric Combining Features and Intrinsic 
Information Content. Data & Knowledge Engineering, 2009. 68(11): p. 1289-
1308. 
137. Li, Y., et al., Sentence similarity based on semantic nets and corpus statistics. 
IEEE Transactions on Knowledge and Data Engineering, 2006. 18(8): p. 
1138-1150. 
202 
 
138. Oliva, J., et al., SyMSS: A syntax-based measure for short-text semantic 
similarity. Data & Knowledge Engineering, 2011. 70(4): p. 390-405. 
139. Antonogeorgos, G., et al., Logistic Regression and Linear Discriminant 
Analyses in Evaluating Factors Associated with Asthma Prevalence among 
10- to 12-Years-Old Children: Divergence and Similarity of the Two 
Statistical Methods. International Journal of Pediatrics, 2009. 2009. 
140. Ramayah, T., et al., Discriminant analysis: An illustrated example. African 
Journal of Business Management, 2010. 4(9): p. 1654-1667. 
141. Alkarkhi, A.F.M. and A.M. Easa, Comparing Discriminant Analysis and 
Logistic Regression Model as a Statistical Assessment Tools of Arsenic and 
Heavy Metal Contents in Cockles. Journal of Sustainable Development 2008. 
1(2). 
142. Dattalo, P., A Comparison of Discriminant Analysis and Logistic Regression. 
Journal of Social Service Research, 1995. 19(3-4): p. 121-144. 
143. Liu, C. and H. Wechsler, Gabor Feature Based Classification Using the 
Enhanced Fisher Linear Discriminant Model for Face Recognition. IEEE 
Transactions on Image Processing, 2002. 11(4): p. 467-476. 
144. Pohar, M., M. Blas, and S. Turk, Comparison of Logistic Regression and 
Linear Discriminant Analysis: A Simulation Study. Metodološki zvezki, 2004. 
1(1): p. 143-161. 
145. Spicer, J., Logistic Regression and Discriminant Analysis, in Making Sense of 
Multivariate Data Analysis. 2004, SAGE Publications. p. 256. 
146. Burns, R. and R. Burns, Logistic Regression, in Business Research Methods 
and Statistics Using SPSS. 2008, SAGE Publications. p. 568-588. 
147. Burns, R. and R. Burns, Discriminant Analysis, in Business Research 
Methods and Statistics Using SPSS. 2008, SAGE Publications. p. 589-608. 
148. Khalid, M.A., et al., SAWSDL-TC: SAWSDL Service Retrieval Test 
Collection, DFKI, Editor. 2008: Saarbrücken, Germany. 
149. Norušis, M.J., PASW Statistics 18 Statistical Procedures Companion. 2010: 
Prentice Hall. 648. 
150. Swets, J., Measuring the accuracy of diagnostic systems. Science, 1988. 
240(4857): p. 1285-1293. 
203 
 
151. Haller, A., et al. WSMX - A Semantic Service-Oriented Architecture. in IEEE 
International Conference on Web Services (ICWS '05). 2005. Orlando, 
Florida, USA. 
152. Keller, U., H. Lausen, and M. Stollberg, On the Semantics of Functional 
Descriptions of Web Services, in The Semantic Web: Research and 
Applications, Y. Sure and J. Domingue, Editors. 2006, Springer Berlin / 
Heidelberg. p. 605-619. 
153. D2.4 Semantic Web Geoprocessing Services, in SWING-Semantic Web-
Service Interoperability for Geospatial Decision Making, J. Hoffmann, 
Editor. 2008. 
154. Armbrust, M., et al., A view of cloud computing. Communications of the 
ACM, 2010. 53(4): p. 50-58. 
 
 
